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Engine  Evaluation 
T700-GE-701A  Engine 
UH-60A  Helicopter 
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The  US  AnsF  Aviation  Engineering  Flight  Activity  conducted  a  limited  Preliminary 
Mi^rthiness  Evaluation  of  the  T700-GE-701A  engine  installation  in  the  UH-60A 
Helicopter  on  24  and  25  June  1983,  The  evaluation  was  conducted  at  the  Sikorsky 
Flight  Teat  facility  at  West  Palm  Beach,  Florida  (field  elevation  28  ft)  on 
aircraft  8/N  77-22714.  The  evaluation 'Consisted  of  three  flights  for  a  total 
of  4,8  productive  flight  hours.  The  significant  Increase  in  power  available 
for  single  engine  contingencies  (262  shaft  horsepower  (22X)  st  4000  ft  pressure 
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: altitude,  95*F)  !•  an  enhancing  characteristic.  The  excellent  torque  natchlng 
engine  stability  and  rotor  speed  control  with  one  engine  In  electrical  control 
unit  lockout  and  the  power  lever  set  for  level  flight  at  80  knots  indicated 
airspeed  Is  also  an  enhancing  characteristic  fori  the  T700-GE-701A  engine  -as- 
well  as  th^  T700-GE-700  engine.  The  0H-60A  acceleration,  deceleration,  and 
norwal  Maneuvering  response  characteristics  are  essentially  the  same  with 
either  the  T700-CT-700  engine  or  T700-GE-701A  engine  Installed.  Two 
shortconlngs  were  Identified:  (1)  'th^slow  engine  acceleration  during  collective 
pulls  frow  approxlfluitely  sero  torgue  to  50Z  or  greater  torque?  and  (2)  ^^tfur 
rotor  droop  to  less  than  95Z  rotor  speed  during  collective  pulls  from  zero 
torque  and  during  gggresslve  oaneuvers  such  as  a  quick  stop  from  the  maximum 
airspeed  In  level  flight.  During  the  evaluation  a  popping  sound  was  noted 
during  collective  pulls  to  approximately  80Z  and  greater  torque  settings. 
This  popping  sound  was  subsequently  Identified  as  ^oll  canning^  on  the  fuselage 
skin  between  the  pilot's  station  and  gunner/crew  chief's  window,  (approximate 
fuselage  station  262).  ^ 
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1.  The  purpose  of  this  letter  is  to  establish  the  Directorate  for  Engineering 
position  on  the  subject  report*  The  subject  evaluation  was  conducted  to  deter- 
■ine  the  coapatibility  of  the  T700-<2-701A  engines  in  the  production  DH-60A  in 
lieu  of  the  T70(H€E-700  engines*  The  significantly  increased  perfonsance  of  the 
T700-GS-701A  engine  will  enhance  the  capabilities  of  the  UH-60A  at  the  increased 
gross  weights  with  Extended  Stores  Support  Systea  (ESSS)*  It  also  will  increase 
safety  at  tha  lighter  gross  weights,  particularly  with  the  increased  shaft  horse¬ 
power  (8HP)  using  contingency  power  under  single  engine  conditions* 

2*  This  Directorate  agrees  with  the  report  conclusions  and  recoaaendations* 

Based  on  the  flight  test  results,  the  T70<HG8-701A  engine  is  coapatible  with  the 
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INTRODUCTION 


BACKGRODMD 

1.  The  US  Anqr  Aviation  Research  and  Developnent  Coaaand  tasked 
the  US  Amgr  Aviation  Engineering  Flight  Activity  to  plan,  conduct, 
and  report  on  a  Prelininary  Airworthiness  Evaluation  (PAE)  of 
the  Sikorsky  UB-60A  Relicopter  with  General  Electric  T700-GE-701A 
engines  installed  (ref  1,  app  A). 


TEST  OBJECTIVE 

2.  The  objective  of  this  PAE  was  to  obtain  flight  test  data  for 
qualification  of  the  T700-GE-701A  installation  in  the  UH-60A 
helicopter. 


DESCRIPTIOH 

3.  The  test  aircraft  was  aodifled  to  accept  the  prototype 
External  Stores  Support  Systen  and  the  T700-GE-701A  engines. 
The  aircraft  description  with  the  T700-6E-701A  is  defined  in  the 
UH-6QA  preliainary  Prine  Item  Developaent  specification  (ref  2, 
app  A).  The  T700-GE-701A  engine  is  defined  in  the  preliainary 
■odel  specification  (ref  3).  The  T70()-GE-701A  changes  include 
a  10  oinute  power  rating  and  a  2.5  ndnute  contingency  power 
rating  (CPE).  The  2.5  iid.nute  rating  provides  an  Increase  of  262 
shaft  horsepower  (SEP)  (22Z)  at  4000  ft  preasure  altitude  (Hp), 
95*P.  A  sore  detailed  description  is  contained  in  appendix  B. 


TEST  SCOPE 

4.  The  T700-GE-701A  PAE  was  conducted  at  the  Sikorsky  West  Palm 
Beach  Test  Facility,  on  24  and  25  June  1983,  for  a  total  of 
4.8  productive  flight  hours.  All  test  support,  including  aain** 
tenance,  servicing,  chese,  standby  crash  rescue  helicopter  and 
crew,  office  space,  data  reduction  and  final  data  plots  were 
provided  by  Slkorsl^.  Flight  restrictions  and  operating  liaita- 
tlons  observed  during  the  evaluation  are  contained  in  the 
operator's  oanual  (ref  4,  app  A)  and  the  airworthiness  release 
(ref  5).  Testing  was  conducted  in  accordance  with  the  test  plan 
(ref  6)  at  the  conditions  shown  in  table  1. 


TEST  METHODOLOGY 

5.  The  flight  test  data  were  obtained  froa  test  instruaentation 
and  recorded  on  aagnetlc  tape  installed  in  the  aircraft.  A 
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Table  1>  Test  Conditions^ 


Test 

Pressure 

Altitude 

(ft) 

Calibrated 

Airspeed 

(kt) 

Reaarks 

Engine  Acceleration^ 

3000 

80 

2  rates,  several  power 
settings  to  IRP^ 

Engine  Deceleration^ 

3000 

80 

2  rates,  several  power 
settings  to  autorotation 

Pull-Up  and  Push-Over 

3000 

80  to 

2  rates  of  application 

Static  Droop 

Surface^  to  1000 

80  to  to  0 

Trim  rotor  speed  on 
ground  at  flat  pitch, 
fly  envelope  without 
ret rimming 

Quick  Stop 

1000 

Vg  to  0 

2  rates 

Longitudinal  Flare 
Deceleration 

1000 

Vg  to  0 

2  rates,  fixed 
collective  (altitude 
change  acceptable) 

Juap  Takeoff 

Surface^ 

0 

2  rates 

Engine  Stability 

3000 

80 

Collective  and  pedal 
pulses 

ECU  Lockout 

3000 

80 

Torque  matching  engine 
stability  and  rotor 
speed  control  with  one 
engine  In  ECU  lockout 

Contingency  Power 

1000 

80 

Power  limits 

NOTES: 

^Engine  Start  Gross  Hslght  >  17,500  lb,  longltadinsl  center  of  gravity  ••  354  In.,  (aid), 
rotor  speed  258  BFN 
^Single  engine  and  dual  engines 
^IP  •  Intaraedlste  rated  power 

■  the  aaalaua  airspeed  In  level  flight  at  Intenwdlate  rated  power 
^leld  elevation  >  28  feet 
^HE  *  never  exceed  airspeed 


2 


S  S  %  %  •  •- 


c,v,v: 


detailed  listing  of  the  test  InstnuMntatlon  Is  contained  in 
appendix  C.  Flight  test  techniques  described  In  references  7 
and  8,  appendix  A  mre  used.  A  discussion  of  the  test  techniques 
and  data  analysis  aethods  Is  contained  In  appendix  D.  A  Cooper- 
Harper  Handling  Qualities  Rating  Scale  (HQRS)  (fig.  1,  app  D)  was 
used  to  augnent  pilot  cooaents  relative  to  handling  qualities. 
Tlae  histories  of  selected  paraaeters  were  computer  printed. 


RESULTS  AND  DISCUSSION 


GENERAL 


6.  A  United  PAE  of  the  T700-GE-701A  engine  Installation  on  the 
UH-60A  was  conducted  at  3000  feet  pressure  altitude*  The  contln- 
geney  power  capability  was  evaluated  at  1000  feet  Hp.  The  CPR 
of  the  T700-GE-701A  engine  Is  an  enhancing  capability  which 
provides  an  added  margin  of  safety  for  emergency  single  engine 
operations.  The  excellent  torque  matching  engine  stability  and 
rotor  speed  control  with  one  engine  In  electrical  control  unit 
(ECU)  lockout  and  the  power  lever  set  for  level  flight  at  80  knots 
Indicated  airspeed  (KIAS)  Is  also  an  enhancing  characteristic. 
The  UH-60A  acceleration,  deceleration,  and  normal  maneuvering 
response  characteristics  are  essentially  the  same  with  either 
the  T700-GE-700  engine  or  T700-GE-701A  engine  Installed.  Two 
shortcomings  were  Identified:  (1)  the  slow  engine  acceleration 
during  collective  pulls  from  approximately  zero  torque  to  50Z 
torque  or  greater  power  settings,  and  (2)  the  rotor  droop  to 
less  than  95Z  rotor  speed  (Np)  during  collective  pulls  from 
zero  torque  and  during  aggressive  maneuvers  such  as  a  quick  stop 
from  the  maximum  airspeed  In  level  flight  (Vg).  A  popping  sound 
determined  to  be  "oil  canning"  was  heard  at  approximately  fuselage 
station  262  when  collective  was  Increased  to  approximately  80Z 
torque  or  greater. 


ENGINE  ACCELERATION 

7.  Engine  acceleration  time  histories  are  presented  In  figures  1 
through  6,  appendix  E.  T700-GE-701A  acceleration  rates  appeared 
to  be  unchanged  from  T70(H^*'700  accleratlon  rates.  Comparative 
-700  acceleration  rates  are  presented  In  figures  5  and  6, 
appendix  E.  Torque  matching  during  dual  engine  collective  pulls 
was  generally  excellent  (within  approximately  IZ).  One  to  two 
second  collective  pulls  from  zer6  torque  to  50Z  torque  or  greater 
resulted  In  a  transient  rotor  droop  below  90Z  Ng  (91Z  Ng  Is 
minimum  transient).  Collective  pulls  from  20Z  torque  or  greater 
to  Intermediate  rated  power  (IRF)  did  not  result  In  rotor  droop 
below  95Z.  The  transient  rotof  droop,  below  95Z,  caused  the 
audio  and  visual  warning  systems  to  activate.  These  warning 
signals  and  the  acco^>anylng  aircraft  yaw  oscillations  caused 
the  pilot  to  divert  his  attention  Inside  the  cockpit  resulting 
In  loss  of  outside  cues  of  vertical  and  lateral  obstacle  separa¬ 
tion.  The  slow  engine  acceleration  and  resulting  rotor  speed 
droop  degrades  the  aircraft's  capabilities  to  perform  aggressive 
maneuvers  such  as  high  rate  descents  to  cover,  aasklng/remasking, 
and  quid:  stop.  The  slow  engine  acceleration  from  near  zero 
torque  to  50Z  or  greater  power  settings  Is  a  shortcoming. 
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The  transient  rotor  droop  to  less  than  9SZ  %  during  collective 
pulls  from  approximately  zero  torque  to  SOX  torque  or  greater, 
and  during  aggressive  maneuvers  such  as  a  quick  stop  from  Vg 
and  the  resulting  aircraft  response  Is  a  shortcoming. 


EHGINE  DECELERATION 

8.  The  T700-GE-701A  engine  deceleration  characteristics  were 
evaluated  at  the  conditions  shown  In  table  1.  Representative 
time  histories  are  presented  In  figure  7  and  8,  appendix  E  for 
dual  and  single  engine  collective  reductions.  The  most  aggressive 
collective  reductions  (from  IRP  to  full  down  collective  In  approx¬ 
imately  2  seconds)  resulted  In  approximately  a  4Z  power  turbine 
speed  (Np)  overshoot  (107Z  is  allowed  for  up  to  12  seconds). 
However,  the  recovery  (approximately  a  30Z  collective  pull  from 
zero  torque)  resulted  In  a  slgnflcant  Np  droop  to  about  96Z  for 
the  dual  engine  recovery,  and  a  Np  droop  to  about  93Z  (minimum 
transient  Np  droop  is  91Z)  for  the  single  engine  recovery  for 
a  37Z  collective  pull.  The  T700-GE-701A  engine  deceleration 
characteristics  are  satisfactory. 


PULL-UP  AND  PUSH  OVER 

9.  The  englne/alrframe  response  characteristics  during  pull-ups 
and  push-overs  were  evaluated  at  the  conditions  shown  In  table  1. 
A  time  history  Is  presented  In  figure  9,  appendix  E.  Rotor  speed 
and  power  turbine  speed  varied  j;2Z  during  the  maneuver.  The 
T700-GE-701A  englne/alrframe  resprase  during  pull-up  and  push 
over  maneuvers  Is  satisfactory. 


STATIC  DROOP  CHARACTERISTICS 

10.  The  static  droop  characteristics  of  the  T700-GE-701A  engine 
were  evaluated  by  setting  Np  to  lOOZ  then  conducting  a  normal 
takeoff  and  IRP  climb  to  1000  feet,  accelerating  to  Vp,  diving 
to  the  limit  airspeed  In  forward  flight  (Vpp)  and  returning  to 
a  hover.  There  was  no  static  droop.  Within  tlw  limited  scope  of 
this  test,  the  static  droop  characteristics  of  the  UH-60A  with 
T700-GE-701A  engines  Installed  are  excellent. 


QUICK  STOP 


11.  The  T700-GE-701A  englne/alrframe  characteristics  during  quick 
stop  maneuvers  were  evaluated  In  a  level  deceleration  from  Vp  to 
a  hover.  The  maneuver  was  performed  by  starting  at  Vp,  then 


reducing  the  collective  to  essentially  full  down  and  adjusting 
the  cyclic  to  maintain  constant  altitude  above  the  ground.  A 
representative  time  history  Is  presented  In  figure  10,  appendix  E. 
The  rotor  speed  Increased  to  107Z  (within  handbook  limits  of  110%) 
during  the  deceleration.  The  power  turbine  speed  followed  the 
rotor  speed  to  approximately  103%,  then  split  down  to  100%  until 
the  collective  was  Increased  at  the  end  of  the  flare.  The  power 
turbine  speed  then  Increased  to  104%  Joining  the  decreasing  rotor 
speed.  The  recovery  at  coaq>letlon  of  the  quick  stop  resulted  In 
the  Ng  drooping  to  approximately  92%.  During  the  recovery, 
approximately  30  feet  of  altitude  was  lost  while  the  engines  were 
accelerating  to  hover  power.  The  aircraft  yawed  to  the  left  as 
Initial  collective  pitch  was  applied  then  to  the  right  as  engines 
accelerated  to  hover  power.  The  low  rotor  audio  and  visual  warning 
systems  activated.  This  caused  the  pilots  attention  to  be  diverted 
Inside  the  cockpit  and  required  extensive  pilot  compensation  to 
complete  the  maneuver  (HQRS  6).  The  slow  engine  acceleration 
characteristics  and  resulting  rotor  droop  are  shortcomings  which 
degrade  the  mission  maneuvering  capability  of  the  aircraft. 


LONGITUDIHAL  FLARE  DECELERATION 

12.  Longitudinal  flare  deceleration  characteristics  were  evaluated 
at  the  conditions  shown  In  table  1.  The  maneuver  could  not  be 
completed  with  the  collective  fixed  due  to  the  Increase  In  torque 
snd  turbine  gas  temperature  (TGT)  as  the  airspeed  was  reduced.  A 
representative  time  history  is  presented  in  figure  11,  appendix  E. 
The  TTOO-GE-ZOlA/UH-bOA  engine  response  characteristics  during 
collective  fixed  longitudinal  flares  are  satisfactory. 


JUMP  TAKEOFF 

13.  T700-GE-701A/UH**60A  Jump  takeoff  characteristics  were  evalu¬ 
ated  at  two  different  rates  of  collective  pulls  to  IRP.  Represen¬ 
tative  time  histories  are  presented  In  figures  12  and  13, 
appendix  E.  Although  the  rotor  drooped  to  less  than  95%  causing 
the  audio  and  visual  warning  to  activate,  the  aircraft  was  climb¬ 
ing  and  clearing  all  obstacles,  thus  the  pilot  did  not  sense  and 
In  fact  was  not  approaching  a  hazardous  situation.  The  Jump 
takeoff  characteristics  of  the  t700-GE-701A  engines  Installed  In 
the  UH-60A  are  satisfactory. 


ENCIME  STABILITY 

14,  The  T700-GE-701A/UH-60A  englne/alrf rame  stability  character¬ 
istics  were  evaluated  using  separately,  both  pedal  and  collective 


pulses.  Representative  tlsie  histories  are  presented  in  figures 
14  through  16,  appendix  E.  There  was  no  indication  of  engine/ 
airfraae  instability  during  either  the  collective  or  pedal  pulses, 
and  although  not  indicated  by  the  time  histories,  the  oscillations 
were  highly  damped  when  the  control  input  pulsing  was  terminated. 
The  T700-K1E-701A/UH-60A  engine/airframe  stability  response  char¬ 
acteristics  are  satisfactory. 

ENGINE  ELECTRICAL  CONTROL  UNIT  (ECU)  LOCKOUT 

15.  The  T700-GE-701A  engine  characteristics  while  operating  in 
ECU  lockout  were  evaluated  by  setting  power  for  level  flight  at 
80  RIAS,  then  placin'  one  power  lever  in  ECU  lockout,  and  manually 
resetting  that  engine  torque  to  match  the  governed  engine.  ECU 
lockout  was  easily  attained  and  power  lever  adjustment  to  match 
torques  was  quickly  and  easily  accomplished.  A  representative 
time  history  is  presented  in  figure  17,  appendix  E.  With  the 
engine  operating  in  manual  control  set  as  described  above,  the 
aircraft  was  accelerated  to  V{|,  decelerated  to  a  hover,  landed, 
and  the  collective  reduced  to  full  down.  The  torque  matching 
provided  by  the  load  demand  spindle  was  excellent  when  the  power 
lever  was  set  for  level  flight  at  80  KIAS.  The  excellent  torque 
matching  engine  stability  and  rotor  speed  control  with  one  engine 
in  ECU  lockout  and  the  power  lever  set  for  level  flight  at  80  KIAS 
enhances  mission  accomplishment  when  operating  in  a  degraded 
mode.  During  previous  T700-GE-700  engine  evaluations  the  same 
characteristics  have  been  noted.  A  discussion  of  this  procedure 
should  be  included  in  the  UH-6QA  handbook  and  should  be  taught 
and  demonstrated  during  transition  and  refresher  training. 


CONTINGENCY  POWER 

16.  The  contingency  power  characteristics  of  the  T700-GE-701A 
engines  were  evaluated  at  the  conditions  shown  in  table  1  with 
one  engine  power  lever  set  at  idle.  Compared  with  the  T700-GE- 
700  engine,  the  701A  engine  two  and  one-half  minute  CRP  provides 
a  lOZ  increase  to  1723  SHF  at  sea  level  standard  day  conditions 
and  a  22Z  increase  to  1443  SHF  at  4000  ft  95*F  day  conditions. 
A  time  history  of  an  increase  to  CFR  is  presented  in  figure  18, 
appendix  E.  For  this  test,  the  CFR  had  to  be  pilot  limited  at 
917*C  TGT  due  to  adjustments  made  to  the  401  ECU  used  on  the 
test  engine.  The  917*C  limit  was  easy  to  exceed  and  had  to  be 
closely  monitored  by  the  pilot.  While  operating  at  CFR,  engine 
response  was  the  same  as  when  operating  at  normal  and  intermediate 
power  settings.  Only  stable  responses  were  noted.  The  additional 
power  available  for  emergency  single  engine  operations  is  enhanc¬ 
ing  to  the  safety  and  survivability  of  the  crew  and  aircraft  and 
should  be  Incorporated  in  future  designs. 


MISCELLANEOUS 


17.  A  popping  sound  subsequently  detemlned  to  be  "oil  canning” 
at  approxlnate  fuselage  station  262  on  the  right  side  of  the 
fuselage  was  heard  when  collective  was  increased  to  approximately 
SOX  torque  or  greater.  According  to  Sikorsky  support  personnel, 
the  fuselage  skin  in  that  area  had  been  reinforced  for  Che  heavy 
weight  tests,  then  the  reinforcing  structure  removed  upon  comple¬ 
tion  of  these  tests.  This  oil-canning  possibly  represents  a 
weak  area  of  Che  fuselage  and  should  be  monitored  for  structural 
implications. 


CONCLUSIONS 


GENKKAL 

18.  Based  on  the  PAE  of  the  T700-GE-701A  engines  Installed  In 
the  DH-60A  helicopter  the  following  conclusions  were  reached: 

a.  The  operation  of  this  engine  Installation  was  satisfactory 
except  for  the  shortcoalngs  noted  below. 

b.  The  CPR  available  for  eaergency  single  engine  operation 
enhances  the  safety  and  survivability  of  the  crew  and  aircraft. 

c.  IVo  enhancing  characteristics  and  two  shortcosdngs  were 
Identified. 


ENHANCING  CHARACTERISTICS 

19.  The  following  enhancing  characteristics  were  Identified: 

a.  The  added  contingency  power  available  for  eaergency  single 
engine  operations  (para  16) 

b.  The  excellent  torque  matching  engine  stability  and  rotor 
speed  control  with  one  engine  In  ECU  lockout  and  the  power  lever 
set  for  level  flight  at  80  RIAS  (para  IS) 


SHORTCOHINGS 

20.  TVo  shortcoalngs  were  Identified: 

a.  The  slow  engine  acceleration  during  collective  pulls  from 
approximately  sero  torque  to  50Z  and  greater  torque  and  during 
aggressive  maneuvers  such  as  a  quick  stop  from  Vg  (paras  7 
and  11) 

b.  The  rotor  droop  to  less  than  9SZ  Ng  and  resulting  aircraft 
response  during  collective  pulls  from  approximately  sero  torque 
to  SOX  or  greater  and  during  aggressive  maneuvers  such  as  a 
quick  stop  from  Vg  (paras  7  and  11) 


RECOMMENDATIONS 


21.  Th*  following  roeoNMndationo  are  aade: 

a.  The  ahortcoalags  reported  In  paragrapha  7  and  11  be 
corrected. 

b.  The  enhancing  characterlatlca  noted  in  paraa  15  and  16 
be  incorporated  in  future  daalgna. 

c.  A  dlacuaaion  of  tlM  ECU  lockout  procedurea  diacussed  in 
para  15  ahould  be  included  in  the  UH-60A  handbook  and  Aircrew 
Training  Hanual  (ATM). 

d.  Monitor  the  oil  canning  for  atructural  inplicationa 
(para  17). 
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APPENDIX  B.  ENGINE  DESCRIPTION 


1*  The  lyOO-CE-ZOlA  engine  is  e  front  drive,  turboshaft  engine 
featuring  a  single-spool  gas  generator  section  consisting  of  a 
five-stage  axial,  single-stage  centrifugal  flow  coiq>re88or,  a 
through  flow  annular  coabustlon  chamber,  a  two-stage  axial  flow 
gas  generator  turbine,  and  a  free  or  Independent  two-stage  axial 
flow  power  turbine.  The  power  turbine  shaft,  which  has  a  rated 
speed  of  20,900  revolutions  per  minute  (RFM),  Is  co-axlal  and 
extends  to  the  front  end  of  the  engine.  The  engine  also  Incorpor¬ 
ates  owdular  construction  throughout,  an  Integral  Inlet  particle 
separator,  a  top-mounted  accessory  package,  an  engine-driven 
fuel  boost  ptimp,  a  self contained  lubrication  system,  condition 
monltorlng-dlagnostlcs  provisions,  a  hydromechanical  gas  genera¬ 
tor  control  system,  and  an  electrical  power  control  system  provi¬ 
ding  power  turbine  speed  control,  dual  engine  load  sharing,  and 
redundant  power  turbine  overspeed  protection. 

2.  The  T700-GE-701A  engine  has  a  contingency  power  (2.5  min.) 
rating  (CPR)  for  use  under  one-engine  Inoperative  conditions. 
Contingency  power  available  for  pilot  use  was  manually  selectable 
on  the  test  aircraft.  The  production  Installation  will  automat¬ 
ically  provide  contingency  power  under  single  engine  operation 
when  a  failed  engine  torque  goes  below  50Z.  The  T700-GB-701A 
engine  also  has  a  10  minute  limit  rating  In  addition  to  the 
30  minute  limit  and  the  2.5  minute  limit. 

3.  The  T700-GB-701A  engine  core  has  longer  first  stage  compressor 
blades  and  Increased  cooling  air  flow  to  the  turbine  buckets, 
resulting  In  the  turbine  buckets  seeing  the  same  temperature  as 
the  T700-CT-700  engine.  The  proposed  701A  standsrd  engine 
Instrumentation  eliminates  the  oil  temperature  Indicating  system 
and  Incorporate  a  AP  oil  pressure  Indicating  system  referenced 
to  the  Internal  B-sump  pressure.  The  T700*<!E-700  engine  has 
overspeed  protection  at  106Z  power  turbine  speed  (Np)  which  cycles 
the  fuel  flow  between  minimum  and  maximum.  The  T700-GE-701A 
engine  has  overspeed  protection  which  cuts  off  all  fuel  flow  at 
120Z  Np.  The  -700  engine  has  a  sea  level  standard  day  30  minute 
Intermediate  power  rating  of  1561  shaft  horsepower  (SHP);  the 
701A  engine  has  a  sea  level  standard  day  30  minute  IRP  limit  of 
1694  SHP  and  a  2.5  minute  cni  of  1723  SHP.  The  -700  engine  has 
a  hot  day  (4000  feet,  95*F)  30  minute  rating  of  1181  SHP;  the 
701A  engine  has  a  hot  day  30  minute  limit  of  1295  SHP,  a  10 
minute  limit  of  1350  SHP  and  a  2.5  minute  CPR  of  1443  SHP. 
Engine  turbine  gas  temperature  (TGT)  limits  for  the  -700  engine 
are  775*C  continuous,  8S0*C  for  30  minutes,  and  886*C  for 
12  seconds.  TGT  limits  for  the  701A  engine  are  801*C  maximum 
continuous,  867*C  for  30  minutes,  872  -fS*  for  10  minutes  (elec¬ 
trical  control  unit  (ECU)  limited)  and  7l7*C  for  2.5  minutes  CPR 
(pilot  limited  on  test  alrcaft,  ECU  limited  on  production  air¬ 
craft). 


APPENDIX  C.  INSTRUMENTATION 


GENERAL 

1.  The  test  Instrunentatioa  was  Installed,  calibrated  and  main¬ 
tained  by  Sikorsky  Aircraft  Division  Personnel.  A  test  boon, 
with  a  swiveling  pltot-atatlc  tube  and  angle-of-attack  and 
sideslip  vanes,  was  Installed  on  the  nose  of  the  aircraft.  Data 
was  obtained  from  calibrated  Instrumentation  and  displayed  or 
recorded  as  Indicated  below. 

Pilot  Panel 


Airspeed  (boom) 

Altitude  (boom) 

Altitude  (radar) 

Rate  of  climb  (boom) 

Rotor  speed  (sensitive) 

Engine  torque  ** 

Turbine  gas  temperature  (T4.5)** 

Power  turbine  speed  (Np)** 

Gas  generator  speed  (Ng)** 

Control  position 
Longitudinal 
Lateral 
Directional 
Collective 

Horlsontal  stabllator  position 
Normal  acceleration  at  eg 
Angle  of  sideslip 

Copilot  Panel 

Airspeed  (ship) 

Altitude  (ship) 

Fuel  remaining 
Free  air  tei^erature 
Tims  code  display 
Run  number 

2.  Data  parameter  recorded  on  board  the  aircraft  Include  the 
following: 

DlgAtal  (PCM)  Data  Paramsters 

Fbwsr  turbine  spaed  (Np)** 

Gaa  generator  speed  (Ng)** 


**Botb  engines 
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Turbin*  g**  t**p*r*eur«  (14.5)** 
Main  rotor  speed 
Fuel  used  ** 

Engine  torque** 

Power  avellabl*  spindle  position** 
Load  dewsnd  spindle  posltloe** 
fuel  flow** 

Mein  rotor  shaft  extension  torque 
Tell  rotor  torque 
Tell  rotor  lepressed  pitch 
Control  position 
Longitudinal 
Lateral 
Pedal 

Collective 

Horlsontal  stahllator  position 
Sideslip  angle 
Angls'-of-attack 
Aircraft  attitude 
Pitch 
toll 
Taw 

Angular  Velocity 
Pitch 
loll 

Taw 

Angular  acceleration 
Pitch 
loll 
Taw 

Nomal  load  factor  f  eg 
Airspeed  (boon) 

Airspeed  (ship) 

Altitude  (boon) 
let*  of  cllnb  (boon) 


**Both  engines 


4 


APPENDIX  D.  TEST  TECHNIQUES  AND 
DATA  ANALYSIS  METHODS 


1.  TIm  T700-GB-701A  angiiw  handling  characteriatlca  were  evalu-* 
atad  ualng  tha  baalc  aethoda  daaerlbad  In  referencea  7  and  8, 
appaadls  A.  All  taat  data  wara  racordad  ualng  teat  inatrunenca- 
tlon  and  racordad  on  nagnatic  tape  Ina  Called  In  Che  alrcrafc> 
The  daCa  are  praaanCad  aa  Cine  hlacorlaa  of  percinenc  engine 
paraaaCera. 


BNCUK  ACCBmATICMI 

2.  The  T700-€B-70iA  angina  acealaraclon  characCerlaClca  were 
awaluacad  ualng  dual  and  alngla  angina  collecClve  pulla  Co 
InCamadlaCa  raced  power  (ISP)  fron  pradaCamlnad  power  aeCClnga. 
Thaaa  power  aacclnga  wariad  IncrananCally  from  80  percenc  Corque 
down  Co  a«ro  Corqua  (auCoroCaClon).  The  CargeC  raCea  of  appllca- 
Cion  were  for  a  ramp  InpuC  varying  from  five  Co  one  aeconds. 
Tha  alrcrafc  waa  aCabllisad  ac  Cha  CaaC  alclCude  and  alrapeed. 
Tha  daCa  recorder  wna  Cumad  on»  cha  ramp  InpuC  conpleCad*  and 
Cha  dynamic  raaponaa  waa  racordad.  On  Cboaa  polnca  where  Che 
roCor  drooped  Co  laaa  Chan  95  parcanC,  Cha  collecClve  waa  reduced 
Co  efface  recovery  when  cha  low  roCor  apaed  vlaual  and  audio 
warning  wara  obaarvnd. 


MWMB  BKUKSATlOil 

3.  Tha  T700Hat'>701A  angina  dacalaraclon  characCerlaClca  wara 
avalnaCnd  ualng  dual  and  alngla  angina  collecClve  ramp  reducClon 
to  full  down  collacClvu.  Tha  alrcrafc  waa  acablllaad.  cha  daca 
recorder  acClvaCed*  and  cha  InpuC  complacad  aa  daaerlbad  In 
paragraph  2. 


PWX-qP  ASP  PD8»-0m 

A.  The  T700-G1'-701A  engine  raaponaa  during  pull-^p  and  puah-ovar 
aanauvera  waa  avaluacad  by  acablllalng  Cha  alrcrafc  In  level 
flight*  Cuming  Cha  daCa  recorder  on  and  applying  an  afc  cyclic 
Input  to  daeelarata  the  aircraft  followed  by  •  forward  cyclic 
Input  to  acoelarata  the  aircraft  to  a  nominal  apaed  above  Che 
atablllaed  airspeed. 


ITATIC  moop 

5.  Tha  T700HSB-701A  angina  sCaClc  droop  characCerlaClca  ware 
avaluaCad  by  satclng  cha  rotor  apaed  Co  100  parcanc  on  Cha  ground 


at  flat  pitch,  then  perforaing  takeoff,  IRP  climb,  level  flight 
maneuvers,  autorotatlonal  descent  and  landing  while  observing 
the  static  changes  In  rotor  speed  during  the  various  flight 
configurations . 


QUICK  STOP 

6.  The  T700-GB-701A  engine  response  characteristics  during  quick 
stop  maneuvers  were  evaluated  by  accelerating  to  maximum  level 
flight  airspeed,  turning  on  the  data  recording  system,  then 
reducing  the  collective  to  the  full  down  position  while  applying 
aft  cyclic  to  maintain  constant  altitude.  The  data  are  presented 
as  a  time  history  of  pertinent  engine  parameters. 


LONGITUDINAL  FLARE  DECELERATION 

7.  The  T700-GE-701A  engine  response  characteristics  during  longi¬ 
tudinal  flare  decelerations  %iere  evaluated  by  accelerating  to 
maximum  level  flight  airspeed,  turning  on  the  data  recording 
system,  performing  a  collective  fixed  deceleration  applying 
aft  cyclic,  and  allowing  airspeed  and  altitude  to  vary  until  the 
airspeed  decreased  to  sero. 


JIMP  TAKEOFF 

8.  The  T70Q-GE-701A  engine  response  characteristics  during  Jump 
takeoffs  were  evaluated  by  applying  collective  until  the  aircraft 
was  light  on  wheels,  turning  the  data  recording  system  on,  then 
making  a  ramp  collective  Input  to  the  IRP  setting.  Varying 
rates  of  application  ware  evaluated  as  a  buildup  to  a  one  second 
ramp  Input  to  IRP. 


BNCINB  STABILITY 

9*  The  T700-a-701A  engine  stability  characteristics  were  evalu¬ 
ated  by  stabilising  the  aircraft  In  level  flight,  turning  on  the 
data  recording  system  and  ^plying  collective  and  pedal  pulses 
at  various  rates  until  the  apparent  natural  frequency  was  deter¬ 
mined.  The  controls  were  then  pulsed  at  this  rate  for  several 
seconds  to  determine  If  any  divergent  oscillation  characteristics 
were  present.  The  collective  was  returned  to  the  Initial  setting 
(mean  of  the  pulse  Input)  and  the  damping  characteristics  were 
evaluated  prior  to  turning  off  the  data  recorder. 
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ENGINE  ELECTRICAL  CONTROL  UNIT  LOCKOUT 


10.  The  TIOO-GE-IOIA  engine  and  rotor  speed  response  characteris¬ 
tics  while  operating  in  ECU  lockout  ffere  evaluated  by  stabilizing 
in  level  flight  at  80  knots  indicated  airspeed  (KIAS).  The  data 
recorder  was  turned  on.  one  engine  placed  in  ECU  lockout  and  the 
locked  out  engine  set  at  various  power  settings  above  and  below 
the  ECU  controlled  engine.  The  locked  out  engine  was  then  torque 
■etched  to  the  other  engine,  the  aircraft  accelerated  to  maxinum 
level  flight  airspeed,  then  decelerated  to  approach  speed,  hover, 
and  landing  with  the  collective  placed  at  flat  pitch  without 
resetting  the  locked  out  engine  pomr  lever. 


CONTINGENCY  POWER 

11.  The  T700-GE-701A  contingency  power  characteristics  were  eval¬ 
uated  by  stabilizing  the  aircraft  in  level  flight,  placing  one 
engine  power  lever  to  idle,  turning  on  the  data  recorder,  activa¬ 
ting  the  pilot  controlled  contingency  power  switch  and  increasing 
collective  to  contingency  power  Halts.  The  limits  had  to  be 
pilot  monitored  due  to  the  test  engine  configuration  (see 
engine  description,  app  B). 


DEFINITION 

12.  The  following  definition  of  a  shortcoming  was  used  during 
this  evaluation:  Shortcoming  -  An  imperfection  or  malfunction 
occurring  during  the  life  cycle  of  equipment  which  must  be 
reported  and  which  should  be  corrected  to  increase  efficiency 
and  to  render  the  equiiMMnt  completely  serviceable.  It  will  not 
cause  an  immediate  breakdown.  Jeopardize  safe  operation,  or 
materially  reduce  the  useability  of  the  material  or  end  product. 


HANDLING  QUALITIES  RATING  SCALE 

13.  A  Cooper-Harper  Handling  Qualities  Rating  Scale  (HQRS) 
(fig.  1)  was  used  to  augment  pilot  comments  reletive  to  handling 
qualities. 


ON  IHE  PILOT 


APPENDIX  E.  TEST  DATA 


Figure 


Figure  Number 


Engine  Acceleration 
Engine  Deceleration 
Pull-up  and  Puah-over 
Quick  Stop 

Longitudinal  Flare  Deceleration 
Juap  Takeoff 
Engine  Stability 
ECU  Lockout 
Contingency  Power 


1  through  6 
7  and  8 

9 

10 
11 

12  and  13 
14  through  16 

17 

18 


FIGURE  1 

DUAL  ENGINE  COLLECTIVE  PULL 
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FIGURE  2 


DUAL  ENGINE  COLLECTIVE  PULL 
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•’IGURE  3 

SINGLE  ENGINE  COLLECTIVE  PULL 
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FIGURE 

4 

SINGLE 

ENGINE  COLLECTIVE 
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